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(54) DEVICE AND METHOD FOR MICROWAVE PLASMA TREATMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a device and 
method for microwave plasma treatment by which the 
uniformity of plasma can be secured on the surface of a 
substrate by preventing the occurrence of a standing 
wave near the surface of a dielectric window without 
performing any complicated processing on the dielectric 
window. 

SOLUTION: The dielectric window for transmitting 
microwave is constituted so that the surface of the 
window facing the substrate may be positioned at the 
same position as that of the internal wall surface of the 
ceiling section of a plasma treatment vessel or in a state 
where the surface is protruded to the substrate side 
than the position of the internal wall surface of the 
ceiling section. In addition, the distance between the 
outer peripheral section of the dielectric window and the 
side wall surface of the plasma treatment vessel is 
adjusted to at least the 1/4 of the wavelength of an 
introduced microwave or longer. Consequently the 

comnl"!"? plasma can be secured on the surface of the substrate even when no 

complicated processing is performed on the dielectric window 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The head-lining section is equipped with the plasma treatment container by which opening was 
carried out, and the dielectric window for microwave transparency airtightly prepared in this 
head-lining section at least. In the microwave plasma treatment equipment constituted so that 
the above-mentioned dielectric window may be countered and a substrate can be installed in a 
plasma treatment container the location as the location of the head-lining section internal 
surface of a plasma treatment container where the front face of the above-mentioned dielectric 
window which countered the substrate is the same — or the microwave plasma treatment 
equipment characterized by being constituted so that it may be projected and located in a 
substrate side rather than the location of this head-lining section internal surface. 
[Claim 2] 

Microwave plasma treatment equipment according to claim 1 characterized by constituting the 
front face of the above-mentioned dielectric window which countered the substrate so that it 
may be projected and located in at least 5mm substrate side from the location of the head-lining 
section internal surface of a plasma treatment container. 
[Claim 3] 

the location as the location of the head-lining section internal surface of a plasma-treatment 
container where the front face of the inside surrounded by this lobe be the same when a ring- 
like lobe be prepare in the outside edge of the front face of the above-mentioned dielectric 
window which countered the substrate — or claim 1 characterize by to be constitute so that it 
may be project and locate in a substrate side rather than the location of this head-lining section 
internal surface or microwave plasma-treatment equipment according to claim 2. 
[Claim 4] 

Microwave plasma treatment equipment the claim 1 publication characterized by the distance 
between the periphery section of the above-mentioned dielectric window and the side- 
attachment-wall side of a plasma treatment container being separated more than the quadrant 
of the wavelength of the microwave to introduce thru/or given in either of claims 3. 

[Claim 5] 

Microwave plasma treatment equipment according to claim 4 characterized by the distance 
between the periphery section of the above-mentioned dielectric window and the side- 
attachment-wall side of a plasma treatment container being 30mm or more when the frequency 
of the microwave to introduce is 2.45GHz. 
[Claim 6] 

Microwave plasma treatment equipment according to claim 1 to 5 with which the path of the 
above-mentioned dielectric window is characterized by being twice [ more than ] the path of a 
substrate. 
[Claim 7] 

It is microwave plasma treatment equipment according to claim 2 to 5 which makes a radius 
distance of the inside front face and substrate which were surrounded by this lobe, and is 
characterized by setting the path of a dielectric window that this lobe is not contained in each 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran.web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.... 2006/08/07 



JP.2004-311510A [CLAIMS] 



2/2 V 



circle centering on substrate both ends when a dielectric window prepares a lobe according to 
claim 3. 
[Claim 8] 

The material gas for exciting the plasma with a gas supply means is supplied to a plasma 
treatment container. The microwave made to oscillate and amplify with a microwave generating 
means is made to introduce and irradiate an antenna means. This irradiated microwave is 
introduced into the above-mentioned plasma treatment container of a vacuum ambient 
atmosphere through the dielectric window for microwave transparency. In the art which carries 
out microwave plasma treatment of the substrate which generated the plasma, countered the 
above-mentioned dielectric window for microwave transparency, and was formed in the plasma 
treatment container by the electromagnetic field which this microwave builds The microwave 
plasma treatment approach characterized by performing plasma treatment using microwave 
plasma equipment according to claim 1 to 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the art which used microwave plasma treatment equipment and this 

equipment. 

[0002] 

[Description of the Prior Art] 

In recent years, in the production process of a semiconductor device, plasma treatment 
equipment is used abundantly with detailed-izing of semiconductor devices, such as LSI. The 
homogeneity of the above-mentioned plasma treatment within a wafer side contributes greatly 
stability, a yield, etc. of a property of this semiconductor device. The homogeneity of this plasma 
treatment is secured by distributing the plasma over homogeneity on a wafer front face. Then, by 
keeping away the distance of the plasma production section of for example, plasma treatment 
equipment, and a substrate, the plasma is diffused and the device of making it homogeneity can 
be considered on a wafer front face. 
[0003] 

Recently, the microwave plasma treatment equipment which is stabilized also in the state of a 
high vacuum with a comparatively low pressure, and can excite the plasma attracts attention 
among plasma treatment equipment. 
[0004] 

About the plasma treatment using this microwave plasma treatment equipment, concretely, it 
direct-oxidizes, and a silicon front face is nitrided, and the case where the insulator layer of high 
quality is formed is explained as an example. 
[0005] 

When using microwave plasma treatment equipment, the above-mentioned insulator layer is 
formed within a metal plasma treatment container. In order to form opening in the head-lining 
section of this plasma treatment container and to introduce microwave in equipment, the 
dielectric window for microwave transparency which is made of the quartz etc. is airtightly 
prepared in this opening. 
[0006] 

On the occasion of formation of the above-mentioned insulator layer, if the distance of the front 
face by the side of the substrate of this dielectric window and a substrate is about 80mm or 
less, an antenna may adjust the exposure reinforcement of microwave so that the plasma 
generated may become homogeneity according to the type of gas and pressure which are used 
for the plasma treatment concerned. 
[0007] 

By the plasma being high-density at a part for a center section, or detaching the distance 
between the front face of a dielectric window, and a substrate 80mm or more, even if it is the 
case that homogeneity — a ring-like high density part is formed on the other hand — is bad, the 
plasma is spread and homogeneity is secured on a substrate front face. 
[0008] 
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By the way. when the plasma is excited with microwave plasma treatment equipment, the wave 
of the microwave called a suriace wave between the front face of a dielectric window and the 
generated plasma is formed. As for this surface wave, the plasma is formed in the dielectric 
window whole surface in breadth and the substrate upper part 
[0009] 

Usually, since the location of the internal surface of the head-lining section of a plasma 
treatment container projects from the location of the front face of the above-mentioned 
dielectric window in the substrate side, the perimeter of this dielectric window is surrounded by 
the cross section of opening formed in the above-mentioned head-lining section. Therefore, if it 
reflects in the envelopment side where the above-mentioned surface wave consists of this 
opening cross section, a surface wave and this reflected wave will interfere mutually, and a 
standing wave will be formed near the front face of a dielectric window. 
[0010] 

This standing wave is the cause which checks the homogeneity of the plasma on the substrate 
front face in microwave plasma treatment. That is, the problem that the plasma consistency of 
the center section of the dielectric window turned into high density from the periphery of a 
dielectric window had arisen. 
[0011] 

Then, the configuration of an equipment wall surface where the periphery section of a dielectric 
window and a dielectric window are installed is made unevenness, and he negates a reflected 
wave, and was trying for a standing wave not to arise conventionally (for example, patent 
reference 1 reference.). 
[0012] 

[Patent reference 1] 
JP.2002-1 90449,A (claim) 
[0013] 

[Problem(s) to be Solved by the Invention] 

However, after it made it correspond to the plasma treatment in a certain specific type of gas 
and specific pressure and the antenna adjusted the exposure reinforcement of microwave, when 
plasma treatment was performed by a different type of gas or a different pressure, there was 
inconvenience that the homogeneity of the plasma worsened. 
[0014] 

Therefore, since when performing plasma treatment by two or more different types of gas or 
pressures, respectively had to adjust the exposure reinforcement of microwave each time, two 
or more plasma treatment from which a type of gas or a pressure differs by adjustment once 
was not completed, but there was [ a problem that working efficiency fell ]. 
[0015] 

On the other hand, although the homogeneity on the front face of a substrate was securable 
when the distance between the front face of a dielectric window and a substrate was detached, 
the plasma consistency on the front face of a substrate fell simultaneously, the amount of 
attainment to the substrate of a labile kind decreased, and the problem that plasma treatment 
took time amount had arisen. 
[0016] 

Furthermore, although the above-mentioned inconvenience was canceled when making 
unevenness the configuration of the side attachment wall side of a plasma treatment container 
where the periphery section of a dielectric window and a dielectric window were installed in 
order to make it not produce the standing wave of the cause which checks the homogeneity of 
the plasma on the front face of a substrate, the processing technique make into an uneven 
configuration is complicated, and had substantially the problem that processing was difficult. 
[0017] 

Even if this invention does not perform complicated processing to the above-mentioned 
dielectric window in view of the above-mentioned trouble, it is made not to produce a standing 
wave near the front face of a dielectric window, and it makes it a technical problem to offer the 
microwave plasma treatment equipment and the art which can secure the homogeneity of the 
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plasma on the front face of a substrate. 
[0018] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the microwave plasma treatment 
equipment concerning this invention The head-lining section is equipped with the plasma 
treatment container by which opening was carried out, and the dielectric window for microwave 
transparency airtightly prepared in this head-lining section at least In the microwave plasma 
treatment equipment constituted so that the above-mentioned dielectric window may be 
countered and a substrate can be installed in a plasma treatment container the location as the 
location of the head-lining section internal surface of a plasma treatment container where the 
front face of the above-mentioned dielectric window which countered the substrate is the same 
— or it is characterized by being constituted so that it may be projected and located in a 
substrate side rather than the location of this head-lining section internal surface. 
[0019] 

Since there is no envelopment side which becomes the periphery section of a dielectric window 
from the cross section of opening formed in the head-lining section of a plasma treatment 
container according to this configuration, a surface wave does not reflect but formation of a 
standing wave can be controlled. 
[0020] 

Therefore, even if it changes conditions, such as a type of gas and a pressure, regardless of the 
distance of a dielectric window front face and a substrate, uniform plasma distribution can be 
acquired on a substrate front face. 
[0021] 

When the front face of the above-mentioned dielectric window which countered the substrate is 
located in a substrate side from the head-lining section internal surface of a plasma treatment 
container, as for the distance from this head-lining section internal surface to the front face of a 
dielectric window, it is desirable that it is at least 5mm. 
[0022] 

the location as the location of the head-lining section internal surface of a plasma treatment 
container where the front face of the inside surrounded by this lobe is the same when a ring-like 
lobe is prepared in the outside edge of the front face of the above-mentioned dielectric window 
which countered the substrate — or what is necessary is just to constitute so that it may be 
projected and located in a substrate side rather than the location of this head-lining section 
internal surface 
[0023] 

In addition, as for the distance between the periphery section of the above-mentioned dielectric 
window, and the side-attachment-wall side of a plasma treatment container, it is desirable that it 
is separated more than the quadrant of the wavelength of the microwave to introduce. This is for 
suppressing that microwave reflects in the direction of a center section of a dielectric window, 
and forms a standing wave by giving the tooth space in which the plasma is made to form 
between the periphery section of a dielectric window, and the side-attachment-wall side of a 
plasma treatment container. 
[0024] 

What is necessary is just to set distance of the periphery section of the above-mentioned 
dielectric window, and the side-attachment-wall side of a plasma treatment container to 30mm 
or more, when the frequency of the microwave which follows, for example, is introduced is 
2.45GHz. 
[0025] 

Moreover, as for the path of the above-mentioned dielectric window, it is desirable that it is 
twice [ more than ] the path of a substrate. What is necessary is to make into a radius distance 
of the inside front face and substrate which were surrounded by this lobe, and just to set the 
path of a dielectric window that this lobe is not contained in each circle centering on substrate 
both ends, when preparing the above-mentioned lobe in the periphery section of a dielectric 
window furthermore. The die length of the path of a desirable dielectric window differs for not 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/08/07 



JP,2004-31 1 51 OA [DETAILED DESCFUPTION] 4/7 ^— v 



affecting the thickness of a substrate edge by the lobe by the existence of this lobe. 
[0026] 

In order to solve the above-mentioned technical problem, moreover, the microwave plasma 
treatment approach concerning this invention The material gas for exciting the plasma with a gas 
supply means is supplied to a plasma treatment container. The microwave made to oscillate and 
amplify with a microwave generating means is made to introduce and irradiate an antenna means. 
This irradiated microwave is introduced into the above-mentioned plasma treatment container of 
a vacuum ambient atmosphere through the dielectric window for microwave transparency. In the 
art which carries out microwave plasma treatment of the substrate which generated the plasma, 
countered the above-mentioned dielectric window for microwave transparency, and was formed 
in the plasma treatment container by the electromagnetic field which this microwave builds It is 
characterized by performing plasma treatment to one of the above using the microwave plasma 
equipment of a publication. 
[0027] 

[Embodiment of the Invention] 

Hereafter, the microwave plasma treatment equipment concerning the gestalt of operation of 

this invention is explained with reference to drawing 1 , drawing 2 , and drawing 3 . 

[0028] 

Drawing 1 is a sectional view showing the configuration of the microwave plasma treatment 
equipment for semi-conductor substrates as 1 operation gestalt of this invention. Drawing 3 and 
drawing 4 are the sectional views showing the conventional common microwave plasma 
treatment equipment for semi-conductor substrates. 
[0029] 

In drawing 1 , 1 is a metal plasma treatment container which performs plasma treatment. The 
coaxial waveguide converter and antenna 2 which adjust the exposure reinforcement of 
microwave are formed in the upper part of the head-lining section 101 of the plasma treatment 
container 1 . The slot 3 which irradiates microwave is established between the coaxial waveguide 
converter and the antenna 2, and the dielectric window 4 airtightly prepared in opening of the 
head-lining section 101. In addition, the raw material of the above-mentioned dielectric window 4 
is a quartz etc. This dielectric window 4 penetrates the microwave irradiated through the slot 3. 
and introduces microwave in the plasma treatment container 1. 
[0030] 

It oscillates by the magnetron 5 and this microwave (2.45GHz) is introduced into the above- 
mentioned coaxial waveguide converter and an antenna 2 through a waveguide 8. 
[0031] 

Inside the plasma treatment container 1, the above-mentioned derivative aperture 4 and the 
electrode 1 3 which holds the plasma treatment substrate 1 2 in the location which counters are, 
and a RF is impressed to this electrode 1 3 in it if needed from RF generator 1 4. In addition, the 
adjustment machine 1 5 performs impedance adjustment of this RF. 
[0032] 

Next, actuation of the microwave plasma treatment equipment in this operation gestalt is 
explained. From the side face of the plasma treatment container 1, the gas for exciting the 
plasma with the gas supply means 9 is supplied, the inside of the plasma treatment container 1 is 
made reduced pressure with a flue system 10, a pressure regulating valve 1 1 adjusts the process 
pressure of the plasma treatment container 1. and a raw material and reaction secondary 
generation gas are exhausted. The microwave oscillated and amplified by the magnetron 5 is 
introduced into a coaxial waveguide converter and an antenna 2 through the 4E tuner 7. and is 
irradiated from a slot 3. At this time, although a reflected wave is returned to the microwave 
processing container 1 side by the 4E tuner 7. it has prevented being absorbed with an isolator 6 
about the reflected wave which cannot be adjusted, and returning to a magnetron 5. The 
microwave irradiated from the slot 3 is introduced inside the plasma treatment container 1 of a 
vacuum ambient atmosphere through a dielectric window 4, and forms Plasma P in the plasma 
treatment container 1 by the electromagnetic field which this microwave builds. This plasma P 
can perform etching, a membrane formation process, etc. In addition, SWP expresses typically 
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the front face of the derivative aperture 4, and the surface wave of the microwave produced 

between Plasma P. 

[0033] 

When performing oxidation treatment using the above-mentioned microwave plasma treatment 
equipment, rare gas and oxygen, such as an argon and a krypton, are mixed, more than total 0.17 
Pa-m3/sec (lOOsccm) is introduced, and it processes in a 1-133Pa pressure range, the case 
where nitriding treatment is performed on the other hand — for example, an argon, a krypton, 
etc. — etc. — rare gas, ammonia, nitrogen, and hydrogen are mixed, more than total 0.17 Pa- 
m3/sec (lOOsccm) is introduced, and it processes in a 1-133Pa pressure range. 
[0034] 

In drawing 1 , the location of the front face of the dielectric window 4 of the side which counters 
a substrate 1 2 projects in the substrate 1 2 side rather than the location of the internal surface 
of the head-lining section 101 of the microwave processing container 1. Therefore, that a 
surface wave SWP is irradiated by the metal side of the side attachment wall of the plasma 
treatment container 1 also forms an antinode and a knot in the periphery section of a dielectric 
window 4, without being reflected from a metal side. In addition, when it projects in a substrate 
12 side and makes the front face of a dielectric window 4 located, the distance from the front 
face of a dielectric window 4 to the internal surface of the above-mentioned head-lining section 
101 has about 5mm more desirable than the location of the internal surface of the above- 
mentioned head-lining section 101. 
[0035] 

In addition, what is necessary is to make into a radius r distance of the inside front face and 
substrate 12 which were surrounded by this lobe, and just to set the path of a dielectric window 
4 that this lobe is not contained in each circle c centering on the both ends of a substrate 12 as 
drawing 2 shows when preparing a lobe in the periphery section of a dielectric window 4 like 
drawing 1 although it is desirable that it is twice [ more than ] the path of a substrate 1 2 as for 
the path of a dielectric window 4. The die length of the path of the desirable dielectric window 4 
differs for not affecting the thickness of the edge of a substrate 4 by the lobe by the existence 
of this lobe. For example, the distance of the inside front face and substrate 12 which were 
surrounded by the lobe in drawing 1 is about 60mm, and when a substrate 4 is 200mm, the path 
of the inside surrounded by the lobe of a dielectric window 4 is set to about 280mm. 
[0036] 

Although the wave-like plasma may be formed depending on a pressure between the periphery 
section of a dielectric window 4, and the side-attachment-wall side of the plasma treatment 
container 1 at this time, in view of a substrate 12 side, this does not influence the plasma 
treatment of the front face of a substrate 1 2, but in order to consume power in the above- 
mentioned periphery section conversely, the plasma P of the front face of the dielectric window 
4 on a substrate 12 becomes homogeneity. In this case, what is necessary is just to detach the 
distance between the periphery section of a dielectric window 4, and the side-attachment-wall 
side of the plasma treatment container 1 more than the quadrant of the wavelength of the 
microwave to introduce. For example, with the gestalt of this operation, since the microwave to 
introduce is 2.45GHz, it should just detach the distance of about 30mm or more so much in 
wavelength of 1 22mm. 
[0037] 

Although the coaxial waveguide converter and antenna 2 which are irradiated through a slot 3 
are used as a means to introduce microwave in the microwave processing container 1, with the 
gestalt of this operation after changing microwave into the same axle, as an antenna means, 
otherwise, especially the thing that put in the slit can especially be used for a waveguide 8, and 
it is not limited to it. 
[0038] 

Drawing 3 shown for a comparison and the microwave plasma treatment equipment of a 
fundamental configuration of drawing 4 are the same as that of drawing 1 , and the same sign as 
drawing 1 shows the same configuration about the sign in drawing. In addition, the difference 
between the equipment of drawing 3 and the equipment of drawing 4 is the point that this lobe is 
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not prepared in the outside edge of the front face of a dielectric window 4 by drawing 3 to having 
prepared the ring-like lobe, in drawing 4 . Since drawing 3 and drawing 4 are in the location from 
a substrate 1 2 side where the location of the front face of a dielectric window 4 is more distant 
than the location of the internal surface of the head-lining section 101 in any case, the metal 
envelopment side which consists of an opening cross section formed in this head— lining section 
101 is formed in the perimeter of a dielectric window 4. Although SWF' and SWP" are the 
surface waves expressed typically, since they short-circuit all in respect of [ above-mentioned ] 
metal envelopment, they generate a standing wave strong against a part for a center section. 
Consequently, a plasma consistency also becomes high in the part of the shape of a ring which 
encloses the center of a dielectric window 4, and the center of a dielectric window 4, and will 
spoil homogeneity. 
[0039] 
[Example] 

The example of the plasma treatment hereafter performed using the microwave plasma 
treatment equipment concerning this invention is explained as compared with the case of 
conventional microwave plasma treatment equipment. 
[0040] 

Plasma oxidation processing and plasma nitriding treatment of the substrate 12 from which the 
natural oxidation film was removed were carried out to drawing 1 by rare 0.5% fluoric acid using 
the microwave plasma treatment equipment of drawing 3 , respectively. 
[0041] 

Plasma oxidation performed 80Pa and the processing time for the pressure as 10 minutes using 
Kr/02 gas. On the other hand, plasma nitriding performed 8Pa and the processing time for the 
pressure as 7 minutes using Ar/NH3 gas. In the equipment of drawing 1 and drawing 3 . the 
distance of the front face of a dielectric window 4 and a substrate 12 was adjusted, and both 
were set to 60mm. 
[0042] 

thickness distribution of the oxide film in the location of the arbitration after plasma treatment 
and on a substrate and the nitride film — a spectrum — it measured by the distributed 
ellipsometer and the result was compared. The result of oxidation treatment is shown in drawing 
5 , and the result of nitriding treatment is shown in drawing 6 , respectively. 
[0043] 

When plasma treatment is carried out using the microwave plasma treatment equipment 
concerning this invention, thickness distribution all shows good homogeneity. That is. each 
thickness is fixed near about 71 A - 72A. when it oxidizes ( drawing 5 ). and when nitriding 
treatment is carried out, it is fixed near about 46A - 50A ( drawing 6 ). In addition, although not 
illustrated, also in different oxidation treatment and the nitriding treatment of conditions from the 
above, it was the same distribution inclination. 
[0044] 

On the other hand, when plasma treatment is carried out using the microwave plasma treatment 
equipment of drawing 3 , it turns out that the thickness of a substrate center section is all thick. 
That is. although it is about 80A in a substrate periphery when it oxidizes, it is about 103A in the 
substrate center section ( drawing 5 ). and although it is about 33A in a substrate periphery 
when nitriding treatment of each thickness is carried out, it is about 59A in the substrate center 
section ( drawing 6 ). The microwave reflected in respect of the envelopment of the above- 
mentioned metal which consists of an opening cross section formed in the head-lining section 
101 forms a standing wave, and this is considered for the plasma consistency of the substrate 
center section of the dielectric window 4 to have gone up. as SWP' of drawing 3 showed. 
[0045] 

Furthermore, when it was BOPa with a comparatively high pressure, the wave-like plasma was 
formed between the periphery section of the dielectric window 4 of the microwave plasma 
treatment equipment of drawing 1 , and the side-attachment-wall side of the plasma treatment 
container 1. Since this detached the distance between the periphery section of a dielectric 
window 4. and the side-attachment-wall side of the plasma treatment container 1 more than the 
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quadrant of the wavelength of the microwave to introduce With the conventional microwave 
plasma treatment equipment of drawing 3 To microwave reflecting in the center section of the 
dielectric window 4. in the case of the equipment of drawing 1 . the plasma is formed between 
the periphery section of a dielectric window 4, and the side-attachment-wall side of the plasma 
treatment container 1, and it thinks because it has prevented microwave reflecting in the center 
section of the dielectric window 4. 
[0046] 

[Effect of the Invention] 

In the plasma treatment for which this invention used microwave so that clearly from the above 
explanation Or it constitutes so that it may be located in a substrate side rather than this head- 
lining section internal surface, the front face of the dielectric window which countered the 
substrate — the same location as the location of the head-lining section internal surface of a 
plasma treatment container — with the periphery section of a dielectric window further By 
detaching the distance between the side-attachment-wall sides of a plasma treatment container 
more than the quadrant of the wavelength of microwave, the standing wave which was the cause 
of reducing the homogeneity of the plasma until now can be controlled now. Therefore, even 
when the distance of the front face of a dielectric window and a substrate was near, even if it 
can secure the homogeneity of plasma treatment now and changed the type of gas and the 
pressure, it became possible to perform high processing of the homogeneity of the plasma, 
without adjusting the configuration of equipment each time. 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the microwave plasma treatment equipment concerning this 
invention. 

[Drawing 2] The sectional view showing the method of the decision of the path of the dielectric 
window at the time of preparing a lobe 

[Drawing 3] The sectional view of conventional microwave plasma treatment equipment. 
[Drawing 4] The sectional view of conventional microwave plasma treatment equipment (what 
prepared the ring-like lobe in the outside edge of the front face of a dielectric window). 
[Drawing 5] Drawing showing the thickness distribution at the time of carrying out plasma 
oxidation processing of the silicon substrate using the equipment of drawing 1 and drawing 3 
[Drawing 6] Drawing showing the thickness distribution at the time of carrying out plasma 
nitriding treatment of the silicon substrate to drawing 1 using the equipment of drawing 3 
[Description of Notations] 

1 Plasma Treatment Container 

2 Coaxial Waveguide Converter and Antenna 

3 Slot 

4 Dielectric Window 

5 Magnetron 

6 Isolator 

7 4E Tuner 

8 Waveguide 

9 Gas Supply Means 

10 Exhaust Air Pump 

1 1 Pressure Regulating Valve 

1 2 Substrate 

13 Electrode 

1 4 RF Generator 

1 5 Adjustment Machine 
P Plasma 

SWP surface wave 
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TECHNICAL FIELD 



[Field of the Invention] 

This invention relates to the art which used microwave plasma treatment equipment and this 

equipment. 

[0002] 
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PRIOR ART 



[Description of the Prior Art] 

In recent years, in the production process of a semiconductor device, plasma treatment 
equipment is used abundantly with detailed-izing of semiconductor devices, such as LSI. The 
homogeneity of the above-mentioned plasma treatment within a wafer side contributes greatly 
stability, a yield, etc. of a property of this semiconductor device. The homogeneity of this plasma 
treatment is secured by distributing the plasma over homogeneity on a wafer front face. Then, by 
keeping away the distance of the plasma production section of for example, plasma treatment 
equipment, and a substrate, the plasma is diffused and the device of making it homogeneity can 
be considered on a wafer front face. 
[0003] 

Recently, the microwave plasma treatment equipment which is stabilized also in the state of a 
high vacuum with a comparatively low pressure, and can excite the plasma attracts attention 
among plasma treatment equipment. 
[0004] 

About the plasma treatment using this microwave plasma treatment equipment, concretely, it 
direct-oxidizes. and a silicon front face is nitrided, and the case where the insulator layer of high 
quality is formed is explained as an example. 
[0005] 

When using microwave plasma treatment equipment, the above-mentioned insulator layer is 
formed within a metal plasma treatment container. In order to form opening in the head-lining 
section of this plasma treatment container and to introduce microwave in equipment, the 
dielectric window for microwave transparency which is made of the quartz etc. is airtightly 
prepared in this opening. 
[0006] 

On the occasion of formation of the above-mentioned insulator layer, if the distance of the front 
face by the side of the substrate of this dielectric window and a substrate is about 80mm or 
less, an antenna may adjust the exposure reinforcement of microwave so that the plasma 
generated may become homogeneity according to the type of gas and pressure which are used 
for the plasma treatment concerned. 
[0007] 

By the plasma being high-density at a part for a center section, or detaching the distance 
between the front face of a dielectric window, and a substrate 80mm or more, even if it is the 
case that homogeneity — a ring-like high density part is formed on the other hand — is bad, the 
plasma is spread and homogeneity is secured on a substrate front face. 
[0008] 

By the way, when the plasma is excited with microwave plasma treatment equipment, the wave 
of the microwave called a surface wave between the front face of a dielectric window and the 
generated plasma is formed. As for this surface wave, the plasma is formed in the dielectric 
window whole surface in breadth and the substrate upper part. 
[0009] 

Usually, since the location of the internal surface of the head-lining section of a plasma 
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treatment container projects from the location of the front face of the above-mentioned 
dielectric window in the substrate side, the perimeter of this dielectric window is surrounded by 
the cross section of opening formed in the above-mentioned head-lining section. Therefore, if it 
reflects in the envelopment side where the above-mentioned surface wave consists of this 
opening cross section, a surface wave and this reflected wave will interfere mutually, and a 
standing wave will be formed near the front face of a dielectric window. 
[0010] 

This standing wave is the cause which checks the homogeneity of the plasma on the substrate 
front face in microwave plasma treatment. That is, the problem that the plasma consistency of 
the center section of the dielectric window turned into high density from the periphery of a 
dielectric window had arisen. 
[0011] 

Then, the configuration of an equipment wall surface where the periphery section of a dielectric 
window and a dielectric window are installed is made unevenness, and he negates a reflected 
wave, and was trying for a standing wave not to arise conventionally (for example, patent 
reference 1 reference.). 
[0012] 

•I [Patent reference 1] 

JP,2002-1 90449.A (claim) 
' [0013] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

In the plasma treatment for which this invention used microwave so that clearly from the above 
explanation Or it constitutes so that it may be located in a substrate side rather than this head- 
lining section internal surface, the front face of the dielectric window which countered the 
substrate — the same location as the location of the head-lining section internal surface of a 
plasma treatment container — with the periphery section of a dielectric window further By 
detaching the distance between the side-attachment-wall sides of a plasma treatment container 
more than the quadrant of the wavelength of microwave, the standing wave which was the cause 
of reducing the homogeneity of the plasma until now can be controlled now. Therefore, even 
when the distance of the front face of a dielectric window and a substrate was near, even if it 
can secure the homogeneity of plasma treatment now and changed the type of gas and the 
pressure, it became possible to perform high processing of the homogeneity of the plasma, 
without adjusting the configuration of equipment each time. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

However, after it made it correspond to the plasma treatment in a certain specific type of gas 
and specific pressure and the antenna adjusted the exposure reinforcement of microwave, when 
plasma treatment was performed by a different type of gas or a different pressure, there was 
inconvenience that the homogeneity of the plasma worsened. 
[0014] 

Therefore, since when performing plasma treatment by two or more different types of gas or 
pressures, respectively had to adjust the exposure reinforcement of microwave each time, two 
or more plasma treatment from which a type of gas or a pressure differs by adjustment once 
was not completed, but there was [ a problem that working efficiency fell ]. 
[0015] 

On the other hand, although the homogeneity on the front face of a substrate was securable 
when the distance between the front face of a dielectric window and a substrate was detached, 
the plasma consistency on the front face of a substrate fell simultaneously, the amount of 
attainment to the substrate of a labile kind decreased, and the problem that plasma treatment 
took time amount had arisen. 
[0016] 

Furthermore, although the above-mentioned inconvenience was canceled when making 
unevenness the configuration of the side attachment wall side of a plasma treatment container 
where the periphery section of a dielectric window and a dielectric window were installed in 
order to make it not produce the standing wave of the cause which checks the homogeneity of 
the plasma on the front face of a substrate, the processing technique make into an uneven 
configuration is complicated, and had substantially the problem that processing was difficult. 
[0017] 

Even if this invention does not perform complicated processing to the above-mentioned 
dielectric window in view of the above-mentioned trouble, it is made not to produce a standing 
wave near the front face of a dielectric window, and it makes it a technical problem to offer the 
microwave plasma treatment equipment and the art which can secure the homogeneity of the 
plasma on the front face of a substrate. 
[0018] 
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MEANS 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the microwave plasma treatment 
equipment concerning this invention The head-lining section is equipped with the plasma 
treatment container by which opening was carried out and the dielectric window for microwave 
transparency airtightly prepared in this head-lining section at least. In the microwave plasma 
treatment equipment constituted so that the above-mentioned dielectric window may be 
countered and a substrate can be installed in a plasma treatment container the location as the 
location of the head-lining section internal surface of a plasma treatment container where the 
front face of the above-mentioned dielectric window which countered the substrate is the same 
— or it is characterized by being constituted so that it may be projected and located in a 
substrate side rather than the location of this head-lining section internal surface. 

[0019] ^. , . . . 

Since there is no envelopment side which becomes the periphery section of a dielectric window 
from the cross section of opening formed in the head-lining section of a plasma treatment 
container according to this configuration, a surface wave does not reflect but formation of a 
standing wave can be controlled. 

[0020] ^, , ^. 

Therefore, even if it changes conditions, such as a type of gas and a pressure, regardless of the 
distance of a dielectric window front face and a substrate, uniform plasma distribution can be 
acquired on a substrate front face. 
[0021] 

When the front face of the above-mentioned dielectric window which countered the substrate is 
located in a substrate side from the head-lining section internal surface of a plasma treatment 
container, as for the distance from this head-lining section internal surface to the front face of a 
dielectric window, it is desirable that it is at least 5mm. 
[0022] 

the location as the location of the head-lining section internal surface of a plasma treatment 
container where the front face of the inside sun-ounded by this lobe is the same when a ring-like 
lobe is prepared in the outside edge of the front face of the above-mentioned dielectric window 
which countered the substrate — or what is necessary is just to constitute so that it may be 
projected and located in a substrate side rather than the location of this head-lining section 
internal surface 
[0023] 

In addition, as for the distance between the periphery section of the above-mentioned dielectric 
window, and the side-attachment-wall side of a plasma treatment container, it is desirable that it 
is separated more than the quadrant of the wavelength of the microwave to introduce. This is for 
suppressing that microwave reflects in the direction of a center section of a dielectric window, 
and forms a standing wave by giving the tooth space in which the plasma is made to form 
between the periphery section of a dielectric window, and the side-attachment-wall side of a 
plasma treatment container. 
[0024] 
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What is necessary is just to set distance of the periphery section of the above-mentioned 
dielectric window, and the side-attachment-wall side of a plasma treatment container to 30mm 
or more, when the frequency of the microwave which follows, for example, is introduced is 
2.45GHz. 
[0025] 

Moreover, as for the path of the above-mentioned dielectric window, it is desirable that it is 
twice [ more than ] the path of a substrate. What is necessary is to make into a radius distance 
of the inside front face and substrate which were surrounded by this lobe, and just to set the 
path of a dielectric window that this lobe is not contained in each circle centering on substrate 
both ends, when preparing the above-mentioned lobe in the periphery section of a dielectric 
window furthermore. The die length of the path of a desirable dielectric window differs for not 
affecting the thickness of a substrate edge by the lobe by the existence of this lobe. 
[0026] 

In order to solve the above-mentioned technical problem, moreover, the microwave plasma 
treatment approach concerning this invention The material gas for exciting the plasma with a gas 
supply means is supplied to a plasma treatment container. The microwave made to oscillate and 
amplify with a microwave generating means is made to introduce and irradiate an antenna means. 
This irradiated microwave is introduced into the above-mentioned plasma treatment container of 
a vacuum ambient atmosphere through the dielectric window for microwave transparency. In the 
art which carries out microwave plasma treatment of the substrate which generated the plasma, 
countered the above-mentioned dielectric window for microwave transparency, and was formed 
in the plasma treatment container by the electromagnetic field which this microwave builds It is 
characterized by performing plasma treatment to one of the above using the microwave plasma 
equipment of a publication. 
[0027] 

[Embodiment of the Invention] 

Hereafter, the microwave plasma treatment equipment concerning the gestalt of operation of 

this invention is explained with reference to drawing 1 , drawing 2 , and drawing 3 . 

[0028] 

Drawing 1 is a sectional view showing the configuration of the microwave plasma treatment 
equipment for semi-conductor substrates as 1 operation gestalt of this invention. Drawing 3 and 
drawing 4 are the sectional views showing the conventional common microwave plasma 
treatment equipment for semi-conductor substrates. 
[0029] 

In drawing 1 . 1 is a metal plasma treatment container which performs plasma treatment. The 
coaxial waveguide converter and antenna 2 which adjust the exposure reinforcement of 
microwave are formed in the upper part of the head-lining section 101 of the plasma treatment 
container 1. The slot 3 which irradiates microwave is established between the coaxial waveguide 
converter and the antenna 2, and the dielectric window 4 airtightly prepared in opening of the 
head-lining section 101. In addition, the raw material of the above-mentioned dielectric window 4 
is a quartz etc. This dielectric window 4 penetrates the microwave irradiated through the slot 3. 
and introduces microwave in the plasma treatment container 1 . 
[0030] 

It oscillates by the magnetron 5 and this microwave (2,45GHz) is introduced into the above- 
mentioned coaxial waveguide converter and an antenna 2 through a waveguide 8. 
[0031] 

Inside the plasma treatment container 1, the above-mentioned derivative aperture 4 and the 
electrode 13 which holds the plasma treatment substrate 12 in the location which counters are, 
and a RF is impressed to this electrode 13 in it if needed from RF generator 14. In addition, the 
adjustment machine 1 5 performs impedance adjustment of this RF. 
[0032] 

Next actuation of the microwave plasma treatment equipment in this operation gestalt is 
explained. From the side face of the plasma treatment container 1 , the gas for exciting the 
plasma with the gas supply means 9 is supplied, the inside of the plasma treatment container 1 is 
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made reduced pressure with a flue system 10. a pressure regulating valve 11 adjusts the process 
pressure of the plasma treatment container 1 , and a raw material and reaction secondary 
generation gas are exhausted. The microwave oscillated and amplified by the magnetron 5 is 
introduced into a coaxial waveguide converter and an antenna 2 through the 4E tuner 7. and is 
irradiated from a slot 3. At this time, although a reflected wave is returned to the microwave 
processing container 1 side by the 4E tuner 7. it has prevented being absorbed with an isolator 6 
about the reflected wave which cannot be adjusted, and returning to a magnetron 5, The 
microwave irradiated from the slot 3 is introduced inside the plasma treatment container 1 of a 
vacuum ambient atmosphere through a dielectric window 4, and forms Plasma P in the plasma 
treatment container 1 by the electromagnetic field which this microwave builds. This plasma P 
can perform etching, a membrane formation process, etc. In addition. SWP expresses typically 
the front face of the derivative aperture 4, and the surface wave of the microwave produced 
between Plasma P. 
[0033] 

When performing oxidation treatment using the above-mentioned microwave plasma treatment 
equipment, rare gas and oxygen, such as an argon and a krypton, are mixed, more than total 0.17 
Pa-m3/sec (lOOsccm) is introduced, and it processes in a 1-133Pa pressure range, the case 
where nitriding treatment is performed on the other hand — for example, an argon, a krypton, 
etc. — etc. — rare gas, ammonia, nitrogen, and hydrogen are mixed, more than total 0.17 Pa- 
m3/sec (lOOsccm) is introduced, and it processes in a 1-133Pa pressure range. 
[0034] 

In drawing 1 , the location of the front face of the dielectric window 4 of the side which counters 
a substrate 1 2 projects in the substrate 1 2 side rather than the location of the internal surface 
of the head-lining section 101 of the microwave processing container 1. Therefore, that a 
surface wave SWP is irradiated by the metal side of the side attachment wall of the plasma 
treatment container 1 also forms an antinode and a knot in the periphery section of a dielectric 
window 4. without being reflected from a metal side. In addition, when it projects in a substrate 
12 side and makes the front face of a dielectric window 4 located, the distance from the front 
face of a dielectric window 4 to the internal surface of the above-mentioned head-lining section 
101 has about 5mm more desirable than the location of the internal surface of the above- 
mentioned head-lining section 101. 
[0035] 

In addition, what is necessary is to make into a radius r distance of the inside front face and 
substrate 12 which were surrounded by this lobe, and just to set the path of a dielectric window 
4 that this lobe is not contained in each circle c centering on the both ends of a substrate 1 2 as 
drawing 2 shows when preparing a lobe in the periphery section of a dielectric window 4 like 
drawing 1 although it is desirable that it is twice [ more than ] the path of a substrate 12 as for 
the path of a dielectric window 4. The die length of the path of the desirable dielectric window 4 
differs for not affecting the thickness of the edge of a substrate 4 by the lobe by the existence 
of this lobe. For example, the distance of the inside front face and substrate 12 which were 
surrounded by the lobe in drawing 1 is about 60mm, and when a substrate 4 is 200mm, the path 
of the inside surrounded by the lobe of a dielectric window 4 is set to about 280mm. 
[0036] 

Although the wave-like plasma may be formed depending on a pressure between the periphery 
section of a dielectric window 4. and the side-attachment-wall side of the plasma treatment 
container 1 at this time, in view of a substrate 12 side, this does not Influence the plasma 
treatment of the front face of a substrate 1 2, but in order to consume power in the above- 
mentioned periphery section conversely, the plasma P of the front face of the dielectric window 
4 on a substrate 12 becomes homogeneity. In this case, what is necessary is just to detach the 
distance between the periphery section of a dielectric window 4, and the side-attachment-wall 
side of the plasma treatment container 1 more than the quadrant of the wavelength of the 
microwave to introduce. For example, with the gestalt of this operation, since the microwave to 
introduce is 2.45GHz, it should just detach the distance of about 30mm or more so much in 
wavelength of 1 22mm. 



http://www4.ipdl.ncipi.goJp/cgi-bin/tran_web_cgi.eiie 



2006/08/07 



JP,2004-31 1 51 OA [MEANS] 



4/4 /<— i/ 



[0037] 

Although the coaxial waveguide converter and antenna 2 which are Irradiated through a slot 3 
are used as a means to introduce microwave in the microwave processing container 1, with the 
gestalt of this operation after changing microwave into the same axle, as an antenna means, 
otherwise, especially the thing that put in the slit can especially be used for a waveguide 8, and 
it is not limited to it. 
[0038] 

Drawing 3 shown for a comparison and the microwave plasma treatment equipment of a 
fundamental configuration of drawing 4 are the same as that of drawing 1 , and the same sign as 
drawing 1 shows the same configuration about the sign in drawing. In addition, the difference 
between the equipment of drawing 3 and the equipment of drawing 4 is the point that this lobe is 
not prepared in the outside edge of the front face of a dielectric window 4 by drawing 3 to having 
prepared the ring^like lobe, in drawing 4 . Since drawing 3 and drawing 4 are in the location from 
a substrate 1 2 side where the location of the front face of a dielectric window 4 is more distant 
than the location of the internal surface of the head-lining section 101 in any case, the metal 
envelopment side which consists of an opening cross section formed in this head-lining section 
101 is formed in the perimeter of a dielectric window 4. Although SWP' and SWP" are the 
surface waves expressed typically, since they short-circuit all in respect of [ above-mentioned ] 
metal envelopment they generate a standing wave strong against a part for a center section. 
Consequently, a plasma consistency also becomes high in the part of the shape of a ring which 
encloses the center of a dielectric window 4. and the center of a dielectric window 4. and will 
spoil homogeneity. 
[0039] 
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EXAMPLE 
[Example] 

The example of the plasma treatment hereafter performed using the microwave plasma 
treatment equipment concerning this invention is explained as compared with the case of 
conventional microwave plasma treatment equipment, 
[0040] 

Plasma oxidation processing and plasma nitriding treatment of the substrate 1 2 from which the 
natural oxidation film was removed were carried out to drawing 1 by rare 0.5% fluoric acid using 
the microwave plasma treatment equipment of drawing 3 , respectively. 
[0041] 

Plasma oxidation performed 80Pa and the processing time for the pressure as 10 minutes using 
Kr/02 gas. On the other hand, plasma nitriding performed 8Pa and the processing time for the 
pressure as 7 minutes using Ar/NH3 gas. In the equipment of drawing 1 and drawing 3 , the 
distance of the front face of a dielectric window 4 and a substrate 12 was adjusted, and both 
were set to 60mm. 
[0042] 

thickness distribution of the oxide film in the location of the arbitration after plasma treatment 
and on a substrate and the nitride film — a spectrum — it measured by the distributed 
ellipsometer and the result was compared. The result of oxidation treatment is shown in drawing 
5 , and the result of nitriding treatment is shown in drawing 6 , respectively. 
[0043] 

When plasma treatment is carried out using the microwave plasma treatment equipment 
concerning this invention, thickness distribution all shows good homogeneity. That is. each 
thickness is fixed near about 71 A - 72A, when it oxidizes ( drawing 5 ). and when nitriding 
treatment is carried out. it is fixed near about 46A - 50A ( drawing 6 ), In addition, although not 
illustrated, also in different oxidation treatment and the nitriding treatment of conditions from the 
above, it was the same distribution inclination. 
[0044] 

On the other hand, when plasma treatment is carried out using the microwave plasma treatment 
equipment of drawing 3 , it turns out that the thickness of a substrate center section is all thick. 
That is, although it is about 80A in a substrate periphery when it oxidizes, it is about 103A in the 
substrate center section ( drawing 5 ). and although it is about 33A in a substrate periphery 
when nitriding treatment of each thickness is carried out. it is about 59A in the substrate center 
section ( drawing 6 ). The microwave reflected in respect of the envelopment of the above- 
mentioned metal which consists of an opening cross section formed in the head-lining section 
101 forms a standing wave, and this is considered for the plasma consistency of the substrate 
center section of the dielectric window 4 to have gone up. as SWP' of drawing 3 showed. 
[0045] 

Furthermore, when it was 80Pa with a comparatively high pressure, the wave-like plasma was 
formed between the periphery section of the dielectric window 4 of the microwave plasma 
treatment equipment of drawing 1 , and the side-attachment-wall side of the plasma treatment 
container 1 . Since this detached the distance between the periphery section of a dielectric 
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window 4, and the side-attachment-wall side of the plasma treatment container 1 more than the 
quadrant of the wavelength of the microwave to introduce With the conventional microwave 
plasma treatment equipment of drawing 3 To microwave reflecting in the center section of the 
dielectric window 4. in the case of the equipment of drawing 1 , the plasma is formed between 
the periphery section of a dielectric window 4. and the side-attachment-wall side of the plasma 
treatment container 1. and it thinks because it has prevented microwave reflecting in the center 
section of the dielectric window 4. 
[0046] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the microwave plasma treatment equipment concerning this 
invention. 

[Drawing 2] The sectional view showing the method of the decision of the path of the dielectric 
window at the time of preparing a lobe 

[Drawing 3] The sectional view of conventional microwave plasma treatment equipment. 
[Drawing 4] The sectional view of conventional microwave plasma treatment equipment (what 
prepared the ring-like lobe in the outside edge of the front face of a dielectric window). 
[Drawing 5] Drawing showing the thickness distribution at the time of carrying out plasnia 
oxidation processing of the silicon substrate using the equipment of drawing 1 and drawing 3 
[Drawing 6] Drawing showing the thickness distribution at the time of carrying out plasma 
nitriding treatment of the silicon substrate to drawing 1 using the equipment of drawing 3 
[Description of Notations] 

1 Plasma Treatment Container 

2 Coaxial Waveguide Converter and Antenna 

3 Slot 

4 Dielectric Window 

5 Magnetron 

6 Isolator 

7 4E Tuner 

8 Waveguide 

9 Gas Supply Means 

10 Exhaust Air Pump 

1 1 Pressure Regulating Valve 

1 2 Substrate 

1 3 Electrode 

14 RF Generator 

1 5 AcUustment Machine 
P Plasma 

SWP surface wave 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi.ejje 



2006/08/07 



JP.2004-311510.A [DRAWINGS] 



1/3 V 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**3Mc shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 6] 
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